This paper aims to summarize in detail the results of the climate models under various scenarios by temporal and spatial analysis in the semi-arid Karkheh Basin (KB) in Iran, which is likely to experience water shortages. The PRECIS and REMO models, under A2, B2 and A1B scenarios, have been chosen as regional climate models (RCMs). These regional climate models indicate an overall warming in future in KB under various scenarios. The increase in temperature in the dry months (June, July and August) is greater than the increase in the wet months (January, February, March and April). In order to perform climate change impact assessment on water resources, the Arc-SWAT 9.3 model was used in the study area. SWAT (Soil and Water Assessment Tool) model results have been obtained using present and future climate data. There is an overall reduction in the water yield (WYLD) over the whole of the KB. The deficit of WYLD is considerable over the months of April to September throughout KB due to the increase in average temperature and decrease in precipitation under various emission scenarios. Statistical properties in box-and-whisker plots have been used to gain further understanding relevant to uncertainty analysis in climate change impacts. Evaluation of uncertainty has shown the highest uncertain condition under B2.
INTRODUCTION
Climate change has the potential to affect fundamental drivers of the hydrological cycle, and consequently may have a large impact on the water sector. Increased global population can be assumed to have an increased climatic impact on the Earth. About 23% of the total anthropogenic carbon dioxide (CO 2 ) emissions arise from land-use change (Pepper et al. ) , which makes it an important driving force for climatic changes. Due to the consumption of fossil fuels, anthropogenic emissions of CO 2 and other greenhouse gases have increased (IPCC ). Natural as well as anthropogenic factors can be responsible for the change in the greenhouse gas content of the atmosphere. There is no doubt whatsoever that climate change is going to impact many other sectors that are vulnerable to changes in water resources (Arnell ; Dirnböck et al. ; gap between climate science and the implementation of scientific management of the water sector (Gosain et al. ) . Climate data, analysis and forecasts, and regional vulnerability assessments assist water resource managers in mitigating the effects of extreme events such as droughts and floods through the use of climate information and the related decision-support resources such as geographic information systems (GIS) (Sharma & Gosain ) .
It is also important to emphasize that no individual weather event can be attributed to climate change and the instrumental records for such events are not long enough to help characterize how extreme future events could be. Climate change refers to the change in state of the climate that can be associated with the changes in the mean and/or variability of its properties that persist over an extended period of decades, or longer. The United Nations Framework Convention on Climate Change (UNFCCC ) defines climate change as 'a change of climate which is attributed directly or indirectly to human activity, that alters the composition of the global atmosphere and which is, in addition to natural climate variability, observed, over comparable time periods'. It is crucial to develop a better understanding of the impact of such a change. This paper aims to present the results of the climate change impact assessment on the water resources of Karkheh Basin (KB) in Iran using the SWAT model. The uniqueness of the study is its implication of the impacts of climate change in heterogeneous KB (which is more susceptible to flooding (peak flows) and base flows; hence, subsequent water resources planning and management becomes a top priority) using SWAT. The analysis also uses the regional climate models (RCMs) in KB for the first time.
MATERIAL AND METHODS

Study area
The KB is located in the western part of Iran (Figure 1 ). The drainage area of the basin is about 50,764 km 2 , out of which 80% falls in the Zagros mountain ranges. The topography depicts large spatial variation with elevations ranging from 3 to more than 3,000 masl (metres above sea level). Figure 2 ). In the mountainous parts the winter P falls as snow because temperatures often fall below 0 W C. The temperature shows large intra-annual variability, with January being the coolest and July the hottest month. The potential evapotranspiration (ET P ) largely follows a pattern similar to the temperature (T) with the highest ET P in the southern arid plains and the lowest in the mountainous semi-arid region. There is a large gap between ET P and P in most of the months, which widens as we move from upper northern semi-arid regions to the lower southern arid parts of the basin. The hydrological analysis and impact assessment of water resources in such semi-arid to arid regions with high climatic variability is a challenging task compared with humid areas where P exceeds the ET P in most of the months (Sutcliffe ).
The water resources of the KB comprise both surface water and groundwater. The volume of water generated on account of average annual rainfall in the basin is 24.9 bm 3 (billion cubic metres), of which 5.1 bm 3 is surface water, 3.4 bm 3 infiltrates to ground and the remaining 16.4 bm comprises five sub-basins: the Gamasiab, Qarasu, Seymareh, Kashkan and south-Karkheh ( JAMAB Consulting Engineers ; Figure 1 ). Basic characteristics of these five sub-basins are given in Table 1 .
Climate change models
The IPCC Data Distribution Centre has used data from 23 general circulation models (GCMs) in preparing the Fourth Assessment Report (IPCC ). Of these models, one from • Simulate current climate more realistically.
• Predict climate change with more detail and with regional differences.
• Represent smaller islands.
• RCM are much better at simulating and predicting changes to extremes of weather.
• RCM can simulate cyclones and hurricanes.
• RCM data can be used to drive other models (for example, a tropical cyclone, such as a vortex in the Bay of Bengal, simulated by an RCM, the output from which was used as input to a coastal model to produce a map of water level in the Bay).
Moreover, the domains of RCM data belonging to differ- Processing of RCM scenarios input data on precipitation and temperature for KB has been taken up before using them as inputs to the hydrological model.
SWAT model
The SWAT (Soil and Water Assessment Tool) (Arnold et al. Climate change impacts can be simulated directly in Details on the study basin can be found in Sutcliffe & Carpenter (1968) , JAMAB Consulting
Engineers ( whereas values lower than 0.0 indicate that the mean observed value is a better predictor than the simulated value which indicates unacceptable performance. NSE is computed as shown in Equation (1):
where Q the optimal value of PBIAS being zero. PBIAS is computed as shown in Equation (2):
PBIAS values lower than 25% using SWAT are considered satisfactory, less than 10% are very good and between 10 and 15% are good. RMSE is a commonly used error statistic with model performance decreasing with increasing RMSE values. According to Singh et al.
(), RSR values can be considered low when they are less than half the standard deviation of the observed data. RSR is computed as shown in Equation (3):
In the RSR equation, n is the number of years, months or days according to the type of time series. The study period was divided into a calibration period from 1994 to 1996 and a validation period from 1997 to 1999. A warm-up period of three years (1991 to 1993) was used to initialize the model for the calibration period. The model has been calibrated and validated using manual and auto-calibration procedures. Figure 3 , the calibration and validation series is shown.
Further findings have been presented related to calibration and validation of SWAT in KB by Solaymani & Gosain () .
RESULTS AND DISCUSSION
Climate change data extraction 
Climate change impact
Water is involved in all components of the climate system (atmosphere, hydrosphere, cryosphere, land surface and biosphere). Therefore, climate change affects water through a number of mechanisms. Climate warming observed over the past several decades is consistently associated with changes in a number of components of the hydrological cycle and hydrological systems such as: changing precipitation patterns, intensity and extremes, widespread melting of snow and ice, increasing atmospheric water vapour, increasing evaporation, and changes in soil moisture and runoff. It has been decided to discuss observations of recent changes in water-related variables, and projections of future changes to account for temperature, precipitation, evapotranspiration, water yield and runoff.
Temperature
The HADCM3 and ECHAM5 simulation downscaled with PRECIS and REMO models indicate overall warming with enhanced greenhouse gas concentration in KB. Mean daily temperature from the REMO and PRECIS models simulation of the A1B, A2, and B2 scenarios are given in Table 4 . The net radiation for the energy balance is determined from the direct short-wave radiation from the sun, the long-wave radiation from the atmosphere, the long-wave radiation emitted by the Earth's surface, and the surface albedo. Increased CO 2 increases the long-wave radiation from the atmosphere and consequently increases the total net radiation received on the surface of the Earth. This increase in net radiation increases the energy balance component of the equation, which increases ET causing a decrease in surface runoff and WYLD. Results of the SWAT run present and future climate data have been compiled for WYLD and ET for the whole of KB and have been presented on a long-term mean monthly basis in Table 6 .
It may be observed in Table 6 • The mismatch between spatial scales of GCMs and hydrological process. Techniques for dynamical rather than statistical downscaling have been developed.
• Acknowledge that uncertainties originate from climate scenarios. For example, in those studies, time series of observed climate values were adjusted with the computed change in climate variable to obtain scenarios which are consistent with present conditions.
To determine future uncertainty relevant to climate change impact, further understanding could be gained using statistical properties in box-and-whisker plots (Frigge et al. ) . The box-and-whisker plot may seem more primitive than the other methods but it has some advantages (e.g.
it takes up less space and is therefore particularly useful for 
Uncertainty analysis of ET and WYLD
In the next step, uncertainty was evaluated in mean monthly ET. Figure 9 shows the downward trend in all projections.
The lowest reduction in ET trend was observed in the A2 scenario while the maximum was observed in the A1B projection during January to May due to the substantial downward trend in precipitation in the relevant months.
Temperature as well as relative humidity of the atmosphere plays the most vital effect in simulating ET. Temperature projections also follow a similar trend whereas precipitation has a greater effect on ET than temperature in KB. Figure 10 shows the spread of uncertainty in the WYLD projections. In the A1B emission scenario, a decidedly downward trend is observed from January to July. The substantial upward trend shown in November and December is due to an increase in precipitation. In both A2 and B2, the trend of WYLD is reduced throughout the year.
CONCLUSION
The KB represents a large, unregulated, mountain catch- percentiles and minimum and maximum) are given for PRECIS (A2&B2) and REMO (A1B).
to the observed data. It has been observed that the REMO simulated data under A1B was slightly close to observed data.
The SWAT model was then used to evaluate the sensitivity of annual and seasonal stream-flow from the KB to possible changes in climate. The change in precipitation had the most significant impact on the magnitude of annual water yield. Increased temperature causes a significant reduction in total stream-flow volume. As mentioned above, the pattern of the monthly change in ET, WYLD and discharge is largely governed by the combined impact of temperature and precipitation in a very complex manner. Evaluation of uncertainty in climate change impacts has also shown the most uncertain condition is relevant to the B2 scenario in both climate and hydrologic projections. It has also been observed that the most stable portions are MKB in the irrigated, cultivated areas. Surprisingly, risk of drought and heat stress is thought to increase throughout the study area. However, risk from soil erosion and flooding is perceived to be much higher in KB, where enhanced precipitation is expected in both spring and autumn, but is also mentioned as a threat in LKB. The present study presents the consequences of climate change on the water resources of KB and shall be useful in formulating the adaptation options in a sustainable manner.
